Abstract: An 
Introduction
The valuation of algal biomass is considered among the most interesting in the use of the marine international programs. On the other hand, Morocco, with its double Atlantic and Mediterranean coast, is a country deeply influenced by the sea, which implies the existence of thousands of marine species [1] . Marine algae are potentially prolific sources of highly bioactive secondary metabolites that might represent useful leads in the development of new pharmaceutical agents [2] .
However the residues of extraction obtained from these marine algae, which represent more than 80% of the weight of the raw material, are not exploited enough. This requires a valorization of theses residues by the elaboration of new adsorbent materials.
The preparation of adsorbent materials is influenced by many factors. For this reason a preliminary study on the effect of these factors on the preparation was carried out in order to determine the most important ones and their regions of interest. The most influential factors were found to be activation time (X 1 ), activation temperature (X 2 ) and the percentage of chemical activating agent (X 3 ). Thus, in the present work, we prepared a series of adsorbent materials from residues of marine algae with values of (X 1 ), (X 2 ) and (X 3 ) included in the suitable range. Desirable preparation outputs based on mass yield (Y 1 ) and capacity of adsorption (Y 2 ) were considered as responses. Thus, an experimental design methodology is applied to relate the experimental conditions of the activated process with properties of adsorbent materials [3] [4] .
II. Materials And Method
regulation provided with a programmer of temperature, connected with the oven by a thermocouple and a special steel reactor. The domains of variation of activation temperature, activation time and percentage of chemical activated agent were defined on the univariate analysis. After activation, the adsorbent materials are washed with distilled water until all acid was eliminated, dried, ground and sifted to obtain a powder with a particle size capable of passing through a 100µm sieve.
II.3. Univariate analysis
Univariate analysis is the first step of analysis of process variables (temperature, time and chemical activating agent). The analysis is carried out with the description of a single variable and its attributes of the applicable unit of analysis. This step was used in the first stages of research, in analyzing the data at hand, before being supplemented by multivariate analysis using experimental design.
II.3.1. Temperature of activation
The weight loss behavior of the residues of marine sponges was measured by using a thermobalance (TGA-SETARAM). The sample was heated up to final temperature of 600°C at a heating of 10°C/min under helium gas.
II.3.2. Time of activation
The analysis of activation time effect was defined using adsorption test of cationic dye, the methylene blue (MB), on the adsorbent materials elaborated at an activation temperature of 225°C for activation time than 15min, 45min, 75min, 105min, 135 min, 165 min, 195 min, 225 min, 300 min and 360min and using concentrated phosphoric acid. This latter is well known as precursors activating agent, allows the development of a large porosity in the activated material [5] [6] [7] .
The change of the adsorption performance based on the activation time is determined at room temperature onto methylene blue solution of known initial concentration (10 mg / L). The adsorbent materials in particle size of less than 100μm are dispersed in 100 ml of MB solution at the rate of 200mg of adsorbent per liter of MB solution. The suspensions were continuously agitated throughout the manipulation (overnight) to ensure a better contact between the pollutant in contact and the active sites of the product. The measurement of the concentration of methylene blue was determined using UV-visible spectrometer at a wavelength λ = 664nm. The capacity of adsorption (%) was calculated based on Eq. (1).
Capacity of adsorption (
where C 0 and C e are the initial and final dye concentrations (mg/L) respectively.
II.3.3. Percentage of chemical agent activating
To minimize the production cost of adsorbent materials via the activation by the phosphoric acid. We studied the impact of this factor on the activation of residues of the algae by testing the methylene blue adsorption capacity of adsorbent materials prepared at 225 °C, 150min and at different concentrations of phosphoric acid. The evolution of the adsorption capacity versus percentage of phosphoric acid was determined at room temperature on a solution of MB (10 mg / L). The adsorbent materials in particle size of less than 100μm are dispersed in 100 ml of BM solution at the rate of 100 mg of adsorbent per liter of MB solution. The suspensions were agitated continuously throughout the manipulation (5 hours) to ensure a better contact between the pollutant in contact and the active sites of the product. The measurement of the concentration of MB was carried out using UV-visible spectrometer at a wavelength λ = 664 nm.
II.3.4. Adsorbent materiel yield
The adsorbent material yield was calculated based on Eq. (2).
where W C is the dry weight (g) of final activated material and W 0 is the dry weight (g) of precursor.
II.4. Multivariate experimental design
Response surface methodology (RSM) is a statistical method that uses quantitative data from appropriate experiments to determine regression model equations and operating conditions [8] . RSM is a collection of mathematical and statistical techniques for modeling and analysis of problems in which a response of interest is influenced by several variables [9] . A standard RSM design called central composite design (CCD) was applied in this work to study the variables for preparation of adsorbent material from residues of marine algae.
The central composite design was widely used for fitting a second-order model. By using this method, modeling is possible and it requires only a minimum number of experiments. It is not necessary in the modeling procedure to know the detailed reaction mechanism since the mathematical model is empirical. Generally, the CCD consists of a 2 n factorial runs with 2n axial runs and n c center runs [10] . These designs consist of a 2 n factorial or fractional (coded to the usual ±1 notation) augmented by 2n axial points (±α,0,0,..., 0), (0, ±α,0,...,0),..., (0, 0, ...,±α), and n c center points (0, 0, 0, ...,0) [11] [12] . The center points were used to evaluate the experimental error and the reproducibility of the data. The axial points are chosen such that they allow rotatability [13] , which ensures that the variance of the model prediction is constant at all points equidistant from the design center. Replicates of the test at the center are very important as they provide an independent estimate of the experimental error. Each variable is investigated at two levels. Meanwhile, as the number of factors, n, increases, the number of runs for a complete replicate of the design increases rapidly. In this case, main effects and interactions may be estimated by fractional factorial designs running only a minimum number of experiments. Individual second-order effects cannot be estimated separately by 2 n factorial designs. The responses and the corresponding parameters are modeled and optimized using ANOVA to estimate the statistical parameters by means of response surface methods [14] .
Basically this optimization process involves three major steps, which are, performing the statistically designed experiments, estimating the coefficients in a mathematical model and predicting the response and checking the adequacy of the model. Y=f (X 1 , X 2 , X 3 , X 4 …, X n ) (3) where Y is the response of the system, and X i is the variables of action called factors. The goal is to optimize the response variable (Y). It is assumed that the independent variables are continuous and controllable by experiments with negligible errors. It is required to find a suitable approximation for the true functional relationship between independent variables and the response surface [15] .
The experimental sequence was randomized in order to minimize the effects of the uncontrolled factors. The response was used to develop an empirical model that correlated the responses to the adsorption of methylene blue and production of adsorbent material process variables using a second-degree polynomial equation as given by the following equation [16] :
where Y is the predicted response, b 0 the constant coefficient, b i the linear coefficients, b ij the interaction coefficients, b ii the quadratic coefficients and X i , X j are the coded values of the production and adsorption of methylene blue variables. The number of tests required for the CCD includes the standard 2 n factorial with its origin at the center, 2n points fixed axially at a distance; say α from the center to generate the quadratic terms, and replicate tests at the center; where n c is the number of variables. Hence, the total number of tests (N) required for the three independent variables is:
Once the desired ranges of values of the variables are defined, they are coded to lie at ±1 for the factorial points, 0 for the center points and ±α for the axial points.
II.5. Model fitting and statistical analysis
The statistical software package Design-Expert, NEMRODW, was used for regression analysis of experimental data to fit the equations developed and also to plot response surface. ANOVA was used to estimate the statistical parameters.
III.
Results And Discussion
III.1. Univariate analysis
The curve shown in Fig.1 represents the evolution of the normalized mass of marine algae residues during pyrolysis in accordance with the temperature. The thermogram of marine algae residues shows two distinct losses:
The first took place between 25 and 225 °C, and corresponds to a slight loss, mainly due to the departure of water. The second loss from 225 to 600 °C, which corresponds to a larger and complex loss. This loss begins at 225 °C and reaches its maximum at about 375 °C before ending at 600 °C. It corresponds to a loss in weight, due to the departure of molecules derived from the decomposition of organic matter. This has allowed defining the experimental domain of activation temperature between 225 °C and 375 °C. 
III.2. Time of activation
From the Fig.2 we find that the maximum adsorption capacity is reached from 150 min. These results allowed us define the experimental domain of activation time which is between 15 and 150 min. Fig.3 we find that the adsorbent material prepared at 225 ° C and activated with phosphoric acid at 70% is the one that gives the best adsorption capacity. These results allowed us to define the experimental field of study in the percentage of phosphoric acid which is between 10 and 70%. 
III.4. Synthesis of univariate analysis:
The univariate study allowed to determine the experimental domains for each of the three selected factors. The results are shown in Table 1 . 
III.5. Development of regression model equations
Central composite design was used to develop correlation between the adsorbent material preparation variables to the methylene blue adsorption capacity and adsorbent material yield. Runs15 and 16 at the center point were used to determine the experimental error. The design of this experiment is given in Table 2 
Positive sign in front of the terms indicates synergistic effect, whereas negative sign indicates antagonistic effect. The coefficient of the model for the response was estimated using multiple regression analysis technique included in the RSM. Fit quality of the models was judged from their coefficients of correlation and determination.
Statistical analysis
The quality of the models developed was evaluated based on the correlation coefficient value. The R 2 values for Eqs. (6) and (7) were 0.948 and 0.942, respectively. Both the R 2 values obtained were relatively high (close to unity), indicating that there was a good agreement between the experimental and the calculated values of the determination coefficients of the multilinear regression from the models. The adequacy of the models was further justified through analysis of variance (ANOVA). The ANOVA for the quadratic model for adsorbent material yield is listed in Table 3 .
Reading the data in Table 3 reveals the validity of the model since the value of F exp (177.30), which is the ratio between the Lack of fit and the pure error, is much lower than the critical value of Fisher (F 0.001 (5.1) = 5764) at a 99.9 % level of confidence with 5 and 1 degrees of freedom. The results of the ANOVA ( Table 3 ) also shows that the experimental value of Scnedecor (Fexp= 12,11), which is the ratio between the square of the model and the average mean square of the residue, is higher than the critical value of Fisher (F 0.01 (9.6) = 7,98) at a 99 % level of confidence with 9 and 6 degrees of freedom. Consequently, the regression is thus very significant and the model is considered corresponding.
The ANOVA for the quadratic model for methylene blue adsorption capacity is listed in Table 4 . Reading the data in Table 4 reveals the validity of the model since the value of F exp (1272.44) is lower than the critical value of Fisher (F 0.001 (5.1) = 5764) at a 99.9 % level of confidence with 5 and 1 degrees of freedom.
The results of the ANOVA ( Table 4 ) also shows that the experimental value of Scnedecor (Fexp= 11537.99), is largely higher than the critical value of Fisher (F 0.001 (9.6) = 18,69) at a 99.9 % level of confidence with 9 and 6 degrees of freedom. Consequently, the regression is thus very significant and the model is considered corresponding.
The residue analysis of responses Y 1 and Y 2 are shown in Fig.4 and 5. The representations as cloud point depending on the value of the calculated response ( Fig.4a and 5a ) allow to verify that the experimental variance remains constant regardless of the response values. Indeed, the residues are randomly distributed around zero. The Henry's straight line (Fig.4b and 5b ) allow to deduce that the residues follow a normal distribution; in fact, the points are almost aligned in a graph.
The overall quality of regressions is considered good with respect to the values of correlation factors R 2 multilinear and to the random dispersion of residues; this latter result is illustrated by the alignment of the points representing the values of the probability as a function of residues. 
III.7. Adsorbent material yield
To investigate the effects of the three factors on the Adsorbent material yield, the response surface methodology was used, and two and three-dimensional plots were drawn. The Adsorbent material yield percent response surface graphs were shown in Figs.6, 7 and 8. (Fig.7) . The isoresponse curves and the response surface (Fig.7) show that the highest yield (69%) is achieved with a percentage of chemical activating agent = 70% and an activation temperature = 375 °C.
The (Fig.8) . The isoresponse curves and the response surface (Fig.8) show that the highest yield (69%) is achieved with a percentage of chemical activating agent = 70% and an activation time = 150 min. in the model is more important than the temperature (X 2 ) (b 2 = -3.829), it is therefore the most influential factor on the adsorption capacity. The isoresponse curves and the response surface (Fig.9) show that the maximum adsorption capacity (74%) is attained with an activation time between 15 and 150 min and an activation temperature = 225 °C.
III.8. Adsorption capacity on methylene blue
The influence of percentage of chemical activating agent (b 3 = 0.864) on the adsorption capacity is very important compared to that of the temperature (b 2 = -3.829). The negative sign of b 2 shows that a decrease in temperature results an improvement of the adsorption capacity (Fig.10) . The isoresponse curves and the response surface (Fig.10) show clearly that the maximum adsorption capacity (96%) is achieved with a percentage of chemical activating agent = 10% or 70% and an activation temperature = 225 °C.
The influence of percentage of chemical activating agent (b 3 = 0.864) on the adsorption capacity is very important compared to that of the time (b 1 = -2.197). The negative sign of b 1 shows that a decrease in time results an improvement of the adsorption capacity (Fig.11) . The isoresponse curves and the response surface (Fig.11) show clearly that the maximum adsorption capacity (96%) is achieved with a percentage of chemical activating agent = 70% and an activation time = 15 min.
III.9. Process optimization
In the production of adsorbent material, one of the main aims of this study was to find the optimum process parameters relatively high product yields are expected for economical feasibility and the most important property of adsorbent material is its adsorption capacity. Therefore, the adsorbent material produced should have a high mass yield and also a high adsorption capacity for economical viability. Based on the review of all the results we find that the experience 6 is the compromise to maximize the two responses, the optimal operating conditions are presented in Table 5 . The optimal adsorbent material was obtained using preparation condition as: 150 min activation time, 225 °C activation temperature, and 70 % of H 3 PO 4 : chemical activating agent, which resulted in 66.14% of mass yield and 93.77% of methylene blue adsorption capacity. 
IV. Conclusion
The residues of marine algae are a good precursor for the optimization of adsorbent materials with interesting characteristics (great adsorption capacity and high mass yield).
The response surface methodology is an appropriate tool to study optimization of the activation process to prepare adsorbents materials to be used in a given technological process.
In the present paper, this optimization was carried out to obtain adsorbent materials from marine algae residues with suitable characteristics for use in water treatments.
The optimal adsorbent material was obtained using 225°C activation temperature, 150 min activation time and 70% of chemical activating agent, resulting in 66.14% of mass yield and 93.77 % of methylene blue adsorption capacity.
